Introduction
============

Familial idiopathic interstitial pneumonia is defined as when two or more members of the same family have clinical features of interstitial pneumonia \[[@B1],[@B2]\]. To date, approximately 150 such families have been reported worldwide. Characteristically, patients with familial idiopathic pulmonary fibrosis (IPF) present at a younger age and screening of family members shows evidence of early interstitial changes in asymptomatic subjects \[[@B1],[@B3],[@B4]\]. Thus, examination of family members with idiopathic interstitial pneumonia provides an opportunity to uncover the pathogenesis of IPF at early stages when therapy might be effective. We describe four siblings with interstitial lung disease, three of whom were identified after taking a thorough family history from a patient, followed by family screening.

Case presentation
=================

Case report 1
-------------

A 45-year-old female Saudi Arabia, non-smoker presented to our outpatient clinic in January 2009 for a second opinion; she had a 1-year history of progressive dyspnea of New York Heart Association class III. The patient had been diagnosed with idiopathic pulmonary fibrosis (IPF) at the age of 37 years, based on a high-resolution computed tomography (HRCT) scan, and since that time she had taken corticosteroids, was home oxygen-dependent, and had been referred for lung transplantation abroad. Her initial presentation was shortness of breath, cough, and sputum production in the morning. She had worked as a schoolteacher for 15 years. A family history revealed that five siblings had died, one at the age of 13 years from congenital heart disease, and four from conditions of undetermined etiology, when all were less than 1 year old. In addition several members of her first and second generations had died from respiratory failure possibly related to underlying interstitial lung disease (Figure [1](#F1){ref-type="fig"}). Other family members revealed cough and dyspnea in cases 2 and 3, and cough with sputum production in case 4.

![**Pedigree of three generations of a family with familial idiopathic interstitial pneumonia**.](1757-1626-2-9356-1){#F1}

On examination our patient had digital clubbing and bibasilar end-inspiratory crackles on auscultation. Pulmonary function and 6-minute walk test (6MWT) results are shown in Table [1](#T1){ref-type="table"}. Pulmonary function studies and 6MWD data), which revealed a severe restrictive defect, with marked oxygen desaturation to 83% after the 6-minute walk even with 2 L of oxygen supplementation. Her Borg score was 6 at the end of the walk test indicating moderately severe dyspnea. A blood test was positive for antinuclear antibody (ANA) 1:640 of the speckled pattern, but other serological studies for collagen vascular disease were negative. A HRCT scan demonstrated ground glass attenuation, reticular opacities, traction bronchiectasis, and bronchiolectasis with honeycombing throughout both lungs (Figure [2](#F2){ref-type="fig"}). The patient was instructed to proceed with lung transplantation evaluation.

![**Case 1**. High-resolution computed tomography (HRCT) scan at the basal portion of the lungs demonstrating ground-glass attenuation, reticular opacities, traction bronchiectasis, with honeycombing throughout both lungs.](1757-1626-2-9356-2){#F2}

###### 

Pulmonary function studies and 6MWD data.

  Variables            Case 1   Case 2   Case 3   Case 4
  -------------------- -------- -------- -------- --------
  FVC, % predicted     27.6     84.9     61.9     78
                                                  
  FEV1, % predicted    31       86.7     78.1     75
                                                  
  TLC, % predicted     31.9     70.6     43.7     87.6
                                                  
  DLCO, % predicted    \-       30.2     32.9     82.4
                                                  
  PaO2, mmHg           68       68       87       \-
                                                  
  PaCO2, mmHg          53       29       41       \-
                                                  
  SaO2 at rest, %      93       94       97       \-
                                                  
  Distance, m          122      372      362      506
                                                  
  Initial SPO2, %      93       97       95       96
                                                  
  Lowest SPO2, %       83       96       93       98
                                                  
  Initial Borg Score   0        0        0        0
                                                  
  Final Borg Score     6        1        3        1

Case report 2
-------------

The 48-year-old female from Saudi Arabia, elder sister of case 1 complained of dyspnea on exertion, and cough with sputum production in the morning, for 3 years. She had been diagnosed with bronchial asthma at the age of 46 years. She had never smoked. She works as a schoolteacher. A physical review was unremarkable. On examination, she was not clubbed or cyanosed. Bibasilar end-inspiratory crackles were noted on auscultation. Pulmonary function test data as shown in Table [1](#T1){ref-type="table"}. Pulmonary function studies and 6MWD data) indicated a restrictive defect with a markedly reduced diffusion capacity for carbon monoxide (DLCO). A blood test was positive for ANA 1:160, with a homogenous pattern. Other serological studies for collagen vascular disease were negative. A HRCT scan revealed inhomogeneous ground glass attenuation with reticular and nodular densities, associated with irregular pleural thickening with a shaggy pleuropulmonary interface, traction bronchiectasis, and fine honeycombing. HRCT scan obtained at the upper lung zones shows reticular opacities and honeycombing (Figure [3a](#F3){ref-type="fig"}). HRCT scan from the basal parts of the lungs showing ground-glass attenuation, reticular and nodular densities, and traction bronchiectasis (Figure [3b](#F3){ref-type="fig"}).

![**Case 2**. (a) HRCT scan obtained at the upper lung zones shows reticular opacities and honeycombing. (b) HRCT scan from the basal parts of the lungs showing ground-glass attenuation, reticular and nodular densities, and traction bronchiectasis.](1757-1626-2-9356-3){#F3}

A video-assisted thoracoscopic surgical lung biopsy was performed from the lingula, and the lateral basal segment of the left lower lobe showed an unclassifiable form of interstitial fibrosis (Figure [4](#F4){ref-type="fig"}). Thoracoscopic lung biopsy showing areas of interstitial fibrosis alternating with less involved parenchyma. (haematoxylin and eosin stain) at ×10 magnification). Our patient has clinically improved after commencement on prednisone, azathioprine, and N-acetylcysteine.

![**Case 2**. Thoracoscopic lung biopsy showing areas of interstitial fibrosis alternating with less involved parenchyma. (haematoxylin and eosin stain) at ×10 magnification](1757-1626-2-9356-4){#F4}

Case report 3
-------------

The third sister, 43 years of age from Saudi Arabia, reported dyspnea upon heavy exertion, an occasional dry cough, and chest discomfort for the past 1 year. Her medical history included diabetes mellitus and hypothyroidism, 6 years in duration. She had never smoked but had been exposed to secondhand smoke. She works as a schoolteacher. Physical examination did not reveal any abnormal finding. The results of physiologic testing are shown in Table [1](#T1){ref-type="table"}. Pulmonary function studies and 6MWD data) and indicate a restrictive defect with a markedly reduced DLCO, but no significant oxygen desaturation after the 6MWT. Serological studies for collagen vascular disease were negative. HRCT revealed fine reticular infiltrates associated with focal ground glass attenuation in the upper zones, mild bronchial wall thickening, and multilobular areas of air trapping predominantly in the lower zones. HRCT scan obtained from the upper lung zones shows interlobular reticular opacities and patchy ground-glass attenuation (Figure [5a](#F5){ref-type="fig"}). HRCT scan at the basal portion of the lungs showing multilobular regions of air trapping (Figure [5b](#F5){ref-type="fig"}). A thoracoscopic lung biopsy demonstrated features consistent with hypersensitivity pneumonia. Thoracoscopic lung biopsy showing chronic interstitial inflammation with prominent bronchiolocentricity (haematoxylin and eosin stain) at ×10 magnification (Figure [6a](#F6){ref-type="fig"}). Higher magnification showing poorly formed granuloma. (haematoxylin and eosin stain) at ×40 magnification) (Figure [6b](#F6){ref-type="fig"}). The patient was urged to avoid passive smoking, and reported improvement in symptoms after commencing on prednisone and N-acetylcysteine.

![**Case 3**. (a) HRCT scan obtained from the upper lung zones shows interlobular reticular opacities and patchy ground-glass attenuation. (b) HRCT scan at the basal portion of the lungs showing multilobular regions of air trapping.](1757-1626-2-9356-5){#F5}

![**Case 3**. (a) Thoracoscopic lung biopsy showing chronic interstitial inflammation with prominent bronchiolocentricity. (haematoxylin and eosin stain) at ×10 magnification. (b) Higher magnification showing poorly formed granuloma. (haematoxylin and eosin stain) at ×40 magnification](1757-1626-2-9356-6){#F6}

Case 4
------

The younger brother, aged 30 years from Saudi Arabia, complained of sputum production and cough for the last 2 years. He had been diagnosed with bronchial asthma at the age of 28 years. He worked as a customer service representative, with frequent exposure to diesel exhaust. He had smoked 20-30 cigarettes daily for 10 years. On examination, he was not clubbed or cyanosed, and his chest was clear on auscultation. The pulmonary function test demonstrated a mild obstructive and restrictive defect with no significant impairment in DLCO and a normal 6MWT Table [1](#T1){ref-type="table"}. Pulmonary function studies and 6MWD data). HRCT showed diffuse bronchial wall thickening and poorly defined centrilobular nodules (Figure [7](#F7){ref-type="fig"}). HRCT scan obtained at the upper lung zones showing poorly defined centrilobular nodules with diffuse bronchial wall thickening throughout both lung fields). A surgical lung biopsy demonstrated pigmented macrophages in and around the small bronchioles (Figure [8](#F8){ref-type="fig"}). Thoracoscopic lung biopsy showing pigmented macrophages in and around small bronchioles, interstitial thickening and peribronchiolar inflammatory changes (haematoxylin and eosin stain) at ×10 magnification). This appearance, in line with clinical and radiological findings, was consistent with the diagnosis of respiratory bronchiolitis-associated interstitial lung disease (RB-ILD). The patient quit smoking after counseling.

![**Case 4**. HRCT scan obtained at the upper lung zones showing poorly defined centrilobular nodules with diffuse bronchial wall thickening throughout both lung fields.](1757-1626-2-9356-7){#F7}

![**Case 4**. Thoracoscopic lung biopsy showing pigmented macrophages in and around small bronchioles. (haematoxylin and eosin stain) at ×10 magnification](1757-1626-2-9356-8){#F8}

Discussion
==========

Idiopathic interstitial pneumonias are a group of diffuse infiltrative lung diseases of unknown etiology composed of several clinicopathologic subtypes including IPF also known as usual interstitial pneumonia (UIP), which is the most common subtype; nonspecific interstitial pneumonia (NSIP); respiratory bronchiolitis-associated interstitial lung disease (RB-ILD); desquamative interstitial pneumonia (DIP); cryptogenic organizing pneumonia (COP); acute interstitial pneumonia (AIP); and lymphocytic interstitial pneumonia (LIP) \[[@B5]\]. Familial IPF is defined as when two or more members of the same family show clinical features of idiopathic interstitial pneumonia \[[@B1],[@B2]\]. The condition was first described in 1907 by Sandoz \[[@B6]\]. Another report \[[@B7]\] described IPF in identical twin sisters and since that time 15 definite cases and 3 other probable cases of pulmonary fibrosis have been diagnosed in the same family \[[@B8]\]. The exact prevalence of familial IPF is unknown, however two recent studies suggest that 0.5-3.7% of all patients with IPF have disease of the familial type \[[@B9],[@B10]\]. The mode of inheritance of familial IPF is not entirely clear; however, the observed father-to-son transmission excludes X-chromosome linkage, whereas a single report suggested that inheritance is an autosomal recessive trait \[[@B11]\]. The majority of reported cases demonstrate an autosomal dominant characteristic with reduced penetrance \[[@B1],[@B2],[@B8],[@B10],[@B12]\]. Sporadic IPF usually presents between 50 and 70 years of age. Progressive dyspnea upon exertion, nonproductive cough, clubbing of the digits, and bibasilar end-inspiratory crackles constitute the typical clinical presentation. In a retrospective study, Lee and colleagues examined 27 patients from 15 families with familial IPF \[[@B2]\]. The clinical findings, pulmonary function testing, pathologic changes, radiographic features, and survival data were similar in patients with familial IPF and non-familial IPF. HRCT scans were performed on 66% of patients and bilateral irregular linear opacities were seen in all cases. Other findings included a subpleural predominance of linear opacities (94%), subpleural traction bronchiectasis (82%), emphysematous changes (18%), ground glass opacities (12%), and bronchial wall thickening with irregularities (6%). Although the cited investigators concluded that the radiographic features of familial IPF and non-familial IPF were similar, a lower incidence of honeycombing (29%) was seen in familial IPF patients compared to those with non-familial IPF. Nishiyama and colleagues \[[@B13]\] described HRCT findings in nine patients with biopsy-proven familial IPF, and found a resemblance between familial IPF and non-familial IPF, except that the prevalence of honeycombing (33%) and lower lung zone distribution (67%) was lower in familial IPF patients compared to those with non-familial IPF. Nevertheless, a follow-up HRCT study revealed disease progression and honeycomb development in the majority of patients with familial IPF \[[@B2],[@B13]\]. Age at onset appears to be lower in patients with familial IPF, who usually present with symptoms during the third or fourth decade of life \[[@B14]\]. This probably results from early screening of non-affected family members as demonstrated in our present case report. Interestingly, 50% of asymptomatic first-degree relatives of subjects affected by familial IPF have a pattern of alveolar inflammation similar to that observed in patients with sporadic IPF in the absence of detectable abnormalities in pulmonary function or chest radiography \[[@B4]\]. In another study, Steel and associates reported on the clinical features of familial idiopathic interstitial pneumonia, and found that almost 8% of subjects without symptoms of pulmonary fibrosis had HRCT findings consistent with probable or definite interstitial pneumonia \[[@B1]\]. Rosas and colleagues evaluated family members of patients affected by familial IPF to identify asymptomatic subjects with interstitial lung disease (ILD) \[[@B3]\]. The cited authors found that 22% of asymptomatic subjects showed radiographic evidence of ILD when screened by HRCT. A consistent finding in previous studies was that a history of cigarette smoking was strongly associated with the development of early ILD in family members of those with familial interstitial pneumonia \[[@B1],[@B3]\]. This suggests that a genetically susceptible individual may develop lung injury from cigarette smoking and exposure to other environmental toxins that may stimulate fibroproliferation, further increasing the risk of developing ILD and progression of pulmonary fibrosis. Several studies have revealed heterogeneity of histopathologic findings in family members of individuals with familial IPF \[[@B1],[@B3],[@B15]\]. In one study, approximately 45% of family members showed more than one histologic subtype when relatives of those affected by familial interstitial pneumonia were surveyed \[[@B1]\]. The reported combinations of histologic types within families include: UIP and NSIP; UIP, NSIP, and COP; UIP, NSIP, and RB-ILD; UIP and unclassified ILD; or UIP and hypersensitivity pneumonia \[[@B1],[@B3],[@B15]\]. Although the clinical and morphologic features of various histologic types of idiopathic interstitial pneumonia differ from those of UIP, the conditions may perhaps represent gradations of a spectrum of which UIP is the final histopathologic result. Such speculation is supported by the simultaneous occurrence of UIP and NSIP in the same patient with idiopathic interstitial pneumonia \[[@B16]\], as well the similarity in gene expression profile between UIP and NSIP \[[@B17]\] patients. In the present case report, an examination of the pedigree of three generations revealed several deaths that occurred both during infancy and adult life. It is possible to speculate that affected individuals might share a single candidate genetic alteration such as a mutation in the surfactant protein C (SP-C) gene (SFTPC), resulting in development of pulmonary fibrosis in our studied family. However, other investigators believe that early onset cases of ILD are distinct, arising from a pathogenic mechanism different from that causing adult onset occurrence of familial IPF \[[@B10]\]. Four surfactant proteins (SPs) have been identified and are divided into two groups: the hydrophilic proteins SP-A and SP-D and the hydrophobic proteins SP-B and SP-C. SP-A, SP-B, and SP-D are synthesized by both alveolar cells and nonciliated bronchiolar cells of the lung, whereas SP-C is produced only by alveolar type II cells. SP-C plays a critical role in reducing surface tension in the alveoli, whereas SP-C absence or mutation in SFTPC mutant patients causes mechanical injury to the respiratory epithelium leading to respiratory failure and severe ILD \[[@B18]\]. This was first reported by Nogee and colleagues who described a mother with desquamative interstitial pneumonia, and her infant with NSIP \[[@B19]\]. In another study, Thomas and co-workers reported a heterozygous T to A substitution in the fifth exon of the SFTPC gene that was associated with adult onset UIP with childhood cellular NSIP \[[@B15]\]. Recently, Selman and colleagues evaluated genetic polymorphic variants of the surfactant proteins SP-A1, SP-A2, SP-B, SP-C, and SP-D in a group of patients with IPF \[[@B20]\]. The SP-A1_6A4 allele was noted to be associated with nonsmoker IPF, whereas the SP-B B1580_C allele was more associated with smoker IPF patients compared to control subjects. Thus, in line with previous studies, SPs appear to play an essential role in the pathogenesis of both familial and sporadic IPF. Pulmonary fibrosis has also been associated with other rare genetic disorders yielding pleiotropic presentations, including Hermansky-Pudlak syndrome, neurofibromatosis, tuberous sclerosis, Niemann-Pick disease, Guacher disease, familial hypocalciuric hypercalcemia, and congenital dyskeratosis. The management of patients with familial IIP is similar to that applied to sporadic cases and is dependent upon the type of IIP diagnosed, However, to date, lung transplantation is the only therapy that has been shown to improve survival in younger individuals with pulmonary fibrosis.

Conclusion
==========

Our report illustrates the importance of obtaining a detailed family history, as such information can assist in the diagnosis and early intervention in ILD patients. Clinical findings, histopathology, and radiographic features are indistinguishable between familial idiopathic interstitial pneumonia and sporadic cases. Younger age at diagnosis is a common finding in patients with the former condition. Cigarette smoking is strongly associated with development of early ILD in family members with familial interstitial pneumonia, and both patients and asymptomatic individuals should be urged to stop smoking.
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